Logarithmic entropy--corrected holographic dark energy with non--minimal
  kinetic coupling by Amani, Ali R. et al.
ar
X
iv
:1
11
2.
53
86
v1
  [
he
p-
th]
  2
2 D
ec
 20
11
Logarithmic entropy–corrected holographic dark energy with
non–minimal kinetic coupling
Ali R. Amani1∗ and J. Sadeghi1†
3Islamic Azad University, Ayatollah Amoli Branch, Department of Physics,
P.O. Box 678, Amol, Mazandaran, Iran
H. Farajollahi4‡ and M. Pourali4§
4Department of Physics, University of Guilan, Rasht, Iran
(Dated: November 10, 2018)
In this paper, we have considered a cosmological model with the non–minimal
kinetic coupling terms and investigated its cosmological implications with respect to
the logarithmic entropy– corrected holographic dark energy (LECHDE). The corre-
spondence between LECHDE in flat FRW cosmology and the phantom dark energy
model with the aim to interpret the current universe acceleration is also examined.
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I. INTRODUCTION
The universe acceleration, shown by several astronomical observations, indicates the ex-
istence of a mysterious exotic matter called dark energy (DE) [1]. In the classical gravity,
whereas the cosmological constant, Λ, is the most prominent candidate of DE with the equa-
tion of state (EoS) parameter equals -1 [2], there are strong evidence for a dynamical DE
equation of state. However, the problem of DE [3], its energy density and EoS parameter is
still an unsolved problem in classical gravity and may be in the context of quantum gravity
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2we achieve a more inclusive insight to its properties [4].
While in the microscopic level, the Einstein’s theory of gravity still remains unclear, the
authors in [5–8] obtain the first law of thermodynamics for black holes. Later, Padmanab-
han proposes a thermodynamic interpretation of gravity [9, 10]. Recently, explanation of
gravity as entropic force is pointed out by Verlinde [11] in several models such as specific mi-
croscopic model of space-time [12], construction of holography from black hole entropy [13]
and quantum information theories [14]. In addition, a modified entropic force in the Debye
model is presented in Ref. [15]. For other relevant works in entropic force, see Refs. [16–22].
In particular, the holographic principle is discussed in details by several authors [23–28].
In [29], it has been shown that the holographic dark energy can be derived from the en-
tropic force. The correspondence between entropy–corrected holographic and Gauss–Bonnet
dark energy models is discussed is [30]. Here, we intend to investigate the correspondence
between logarithmic entropy–corrected holographic and cosmological models with kinetic
terms coupled non–minimally to the scalar field and to the curvature [31–33] as a source of
dark energy [31–33]. The initial motivation to study such theories is related to low energy
limit of several higher dimensional theories.
The paper is organized as follows:
In section II, we review the scalar-tensor theories with non–minimally coupled kinetic
terms to the curvature and the scalar field. We will obtain the field equations and energy–
momentum tensors. In section III we introduce the basic setup of the ECHDE and obtain the
corresponding EoS parameter for further investigation. In section IV, the correspondence
between ECHDE and non-minimal kinetic coupling term and acceleration of the universe
are presented. A short summary is given in section V.
II. THE MODEL
The standard FRW cosmological is given by the metric,
ds2 = −dt2 + a(t)2
(
dr2
1− kr2 + r
2(dθ2 + sin2 θdφ2)
)
, (1)
where a(t) is scale factor and k = 0,+1,−1 imply the flat, close and open universe respec-
tively. The energy-momentum tensor of a perfect fluid is given by T µν = diag(−ρ, p, p, p).
3The Friedmann equations then are,
H2 =
κ2
3
ρ,
H˙ = −κ
2
2
(ρ+ p).
(2)
We start with a cosmological model in which there is an interaction between a scalar field
and the curvature [31–33]
S =
∫
d4x
√−g
[ 1
16piG
R− 1
2
∂µφ∂
µφ− 1
2
ξR (F (φ)∂µφ∂
µφ)−
1
2
ηRµν (F (φ)∂
µφ∂νφ)− V (φ)
]
,
(3)
where the coupling constants of dimensionless ξ and η are kinetic coupling and depend on
the type of function F (φ).
Thus, by taking variation of action (3) with respect to the metric, we have,
Rµν − 1
2
gµνR = κ
2
[
T φµν + T
ξ
µν + T
η
µν
]
, (4)
where κ2 = 8piG.
The T φµν is the energy-momentum tensor for the scalar field φ, and T
ξ
µν and T
η
µν are the energy-
momentum tensor for the minimally coupling ξ and η respectively. So, the corresponding
energy-momentum tensors are,
T φµν = ∇µφ∇νφ−
1
2
gµν∇λφ∇λφ− gµνV (φ), (5)
T ξµν =ξ
[(
Rµν − 1
2
gµνR
)(
F (φ)∇λφ∇λφ
)
+ gµν∇λ∇λ (F (φ)∇γφ∇γφ)
− 1
2
(∇µ∇ν +∇ν∇µ)
(
F (φ)∇λφ∇λφ
)
+R (F (φ)∇µφ∇νφ)
]
,
(6)
and
T ηµν =η
[
F (φ)
(
Rµλ∇λφ∇νφ+Rνλ∇λφ∇µφ
)− 1
2
gµνRλγ
(
F (φ)∇λφ∇γφ)
− 1
2
(∇λ∇µ (F (φ)∇λφ∇νφ)+∇λ∇ν (F (φ)∇λφ∇µφ))
+
1
2
∇λ∇λ (F (φ)∇µφ∇νφ) + 1
2
gµν∇λ∇γ
(
F (φ)∇λφ∇γφ) ]
(7)
In order to obtain the equation of motion for the scalar field, we take variation of action
with respect to φ, so we have,
− 1√−g∂µ
[√−g (ξRF (φ)∂µφ+ ηRµνF (φ)∂νφ+ ∂µφ)]+ dV
dφ
+
dF
dφ
(ξR∂µφ∂
µφ+ ηRµν∂
µφ∂νφ) = 0.
(8)
4For simplicity we assume that η + 2ξ = 0. Therefore, from Eqs. (5)-(8), the energy density,
pressure and the scalar field equation are given by,
ρ =
1
2
φ˙2 + V (φ) + 9ξH2F (φ)φ˙2, (9)
p =
1
2
φ˙2 − V (φ)− ξ
(
3H2 + 2H˙
)
F (φ)φ˙2 − 2ξH
(
2F (φ)φ˙φ¨+
dF
dφ
φ˙3
)
, (10)
φ¨+ 3Hφ˙+
dV
dφ
+ 3ξH2
(
2F (φ)φ¨+
dF
dφ
φ˙2
)
+ 18ξH3F (φ)φ˙+ 12ξHH˙F (φ)φ˙ = 0. (11)
III. LOGARITHMIC ENTROPY–CORRECTED HOLOGRAPHIC DARK
ENERGY
The black hole entropy plays a central role in the derivation of holographic dark energy
(HDE). Indeed, the definition and derivation of holographic energy density depends on the
entropy-area relationship S ∼ A ∼ L2 of black holes in Einstein’s gravity, where A ∼
L2 represents the area of the horizon. However, this definition can be modified from the
inclusion of quantum effects, motivated from the loop quantum gravity (LQG). The quantum
corrections provided to the entropy-area relationship leads to the curvature correction in the
Einstein-Hilbert action and vice versa [34]. The corrected entropy takes the form [35]
S =
A
4
+ γ˜ ln
(A
4
)
+ β˜, (12)
where γ˜ and β˜ are dimensionless constants of order unity. The exact values of these constants
are not yet determined and are still debatable in LQC. The corrections are due to thermal
equilibrium and quantum fluctuations [36]. The second term in (12) appears in a model
of entropic cosmology which unifies the inflation and late time acceleration [37]. The γ˜
might be extremely large due to current cosmological constraint, which inevitably brought
a fine tuning problem to entropy corrected models and it is desirable to determine it by
observational constrain. Taking the corrected entropy-area relation (12) into account, the
energy density of the HDE will be modified as well. On this basis, Wei [38] proposed the
energy density of the so-called ECHDE in the form
ρΛ = 3c
2R−2h + γR
−4
h ln(R
2
h) + βR
−4
h , (13)
5in units where M2p = 8piG = 1, and c is a constant determined by observational fit. The
future event horizon Rh is defined as,
Rh = a
∫ ∞
t
dt
a
= a
∫ ∞
a
da
Ha2
, (14)
which leads to results compatible with observations. Furthermore, we can define the dimen-
sionless dark energy as:
ΩΛ ≡ ρΛ
3H2
=
3c2 + γR−2h ln(R
2
h) + βR
−2
h
3H2R2h
. (15)
In the case of a dark-energy dominated universe, dark energy evolves according to the
conservation law,
ρ˙Λ + 3H(ρΛ + pΛ) = 0, (16)
or equivalently
Ω˙Λ = − 2H˙
3H3R2h
(
3c2 + γR−2h ln(R
2
h) + βR
−2
h
)
+
HRh − 1
3H2R3h
[
−6c2+2γR−2h −4γR−2h lnR2h−4βR−3h
]
,
(17)
therefore the EoS parameter reduce to,
wΛ =
pΛ
ρΛ
= −1 − 2γR−2h −4γR−2h ln(R2h)−4βR−2h −6c2
3(3c2+γR−2
h
ln(R2
h
)+βR−2
h
)
[
1−
√
3ΩΛ
3c2+γR−2
h
ln(R2
h
)+βR−2
h
]
. (18)
IV. CORRESPONDENCE BETWEEN ECHDE AND NON–MINIMAL KINETIC
COUPLING
Here we obtain the conditions for correspondence between our cosmological model with
the non–minimal kinetic term and the ECHDE scenario in the flat FRW space. This can be
achieved by obtaining an appropriate potential in the model. In the following we make two
assumptions [32],
1) the function F (φ) is in exponential form as,
F (φ) =
1
φ20
e2λφ, (19)
and
2) the scalar factor is in power laws as a = a0t
n, [39]. For negative n, the scale factor does
6not correspond to expanding universe but to shrinking one. If one changes the direction of
time as t→ −t, the expanding universe whose scale factor is given by a = a0(−t)n emerges.
We note that when t arrives ts occurs a big rip singularity, so this is an important scenario
in relation with other cosmological singularities [40, 41]. Since n is not an integer in general,
the sign of t is still a problem. To avoid the inconsistency, we may further shift the origin
of the time as −t → ts − t. Then the time t can be positive as long as t < ts, and we can
consistently take a = a0(ts− t)n. So that, we can finally write scalar field as Ref. [32] in the
following form,
H =
n
t
, φ =
1
λ
ln(
λφot
κ
√
ξ(1 + 3n)
), (20)
when n > 0 or
H =
−n
ts − t , φ =
1
λ
ln
λφ0(ts − t)
κ
√
ξ(1 + 3n)
, (21)
when n < 0. Here we first consider n > 0 . If we establish a correspondence between the
holographic dark energy and non–minimal coupling approach, then by using dark energy
density equation (9) and relation (15), together with expressions (20), we easily arrive to
the scalar potential as,
V =
3n2λ2φ20
κ4ξ(1 + 3n)
(
κ2ΩΛ − 3
1 + 3n
)
e−2λφ (22)
The equations (20) help us to obtain t in terms of the scalar field φ. Therefor, by substituting
(19), (20), and (22) into (11), finally we have following equation,
3n−6n2λ2ΩΛ+ 18n
2λ2
κ2(1 + 3n)
+3n2λΩ′Λ+
6n2λ2
κ2(1 + 3n)
(
3nφ20+1−3φ20
)
e
2λφ
φ2
0 e−2λφ−1 = 0 (23)
where
Ω′Λ =
dΩΛ
dφ
=
dΩΛ
dt
λt =
dΩΛ
dt
κ
√
ξ(1 + 3n)
φ0
eλφ. (24)
In order to have finite Rh, we consider the ansatz a = a0t
n for n > 1 and substitute into
equation (14), we then find:
Rh =
t
n− 1 , (25)
ΩΛ =
(n− 1)2
3n2
[
3c2 + γσ−2e−2λφ ln{σ2e2λφ}+ βσ−2e−2λφ
]
, (26)
and
wΛ = −1− 2γσ
−2e−2λφ − 4γσ−2e−2λφ ln(σ2e2λφ)− 4βσ−2e−2λφ − 6c2
3(3c2 + γσ−2e−2λφ ln(σ2e2λφ) + βσ−2e−2λφ)
×
[
1−
√
3ΩΛ
3c2 + γσ−2e−2λφ ln(σ2e2λφ) + βσ−2e−2λφ
]
. (27)
7where σ =
κ
√
ξ(1+3n)
λφ0(n−1)
.
For n < 0, we repeat the process, but impose relations (21). So, we find that,
V =
3n2λ2φ20
κ4ξ(1 + 3n)
(
κ2ΩΛ − 3
1 + 3n
)
e−2λφ (28)
and
3n−6n2λ2ΩΛ+ 18n
2λ2
κ2(1 + 3n)
+3n2λΩ′Λ+
6n2λ2
κ2(1 + 3n)
(
3nφ20+1−3φ20
)
e
2λφ
φ2
0 e−2λφ−1 = 0, (29)
where
dΩΛ
dφ
= −dΩΛ
dt
λ(ts − t) = −dΩΛ
dt
κ
√
ξ(1 + 3n)
φ0
eλφ. (30)
Now, under the ansatz a = a0(ts− t)n we can see from (14) that Rh is always finite if n < 0,
which is just the case under investigation. Then we have:
Rh =
ts − t
1− n, (31)
ΩΛ =
(n− 1)2
3n2
[
3c2 + γσ−2e−2λφ ln{σ2e2λφ}+ βσ−2e−2λφ
]
, (32)
and
wΛ = −1− 2γσ
−2e−2λφ − 4γσ−2e−2λφ ln(σ2e2λφ)− 4βσ−2e−2λφ − 6c2
3(3c2 + γσ−2e−2λφ ln(σ2e2λφ) + βσ−2e−2λφ)
×
[
1−
√
3ΩΛ
3c2 + γσ−2e−2λφ ln(σ2e2λφ) + βσ−2e−2λφ
]
. (33)
The phantom crossing then occurs for the EoS parameter of the ECHDE model in the
following scenario [42]:
2γσ−2e−2λφ − 4γσ−2e−2λφ ln(σ2e2λφ)− 4βσ−2e−2λφ − 6c2 > 0, (34)
3ΩΛ < 3c
2 + γσ−2e−2λφ ln(σ2e2λφ) + βσ−2e−2λφ. (35)
and
2γσ−2e−2λφ − 4γσ−2e−2λφ ln(σ2e2λφ)− 4βσ−2e−2λφ − 6c2 < 0, (36)
3ΩΛ > 3c
2 + γσ−2e−2λφ ln(σ2e2λφ) + βσ−2e−2λφ. (37)
Using numerical calculation, the EoS parameter for both positive and negative n are
given in the Figs. 1 and 2. Also we can see in both cases with different EoS parameters
which the phantom crossing occurs.
8FIG. 1: Graph of the EoS parameter (n > 0) in terms of time evolution by choosing c = 0.5,
γ = −2, n = 2 and β = 0.25.
FIG. 2: Graph of the EoS parameter (n < 0) in terms of time evolution by choosing c = 3, γ = −2,
n = −2, ts = −1 and β = 2.
V. CONCLUSION
In this paper we started with scalar tensor theories with the non–minimal kinetic cou-
pling to gravity and obtained the corresponding field equations, energy density and pressure.
We introduced the logarithmic entropy–corrected holographic energy density as a dynamical
cosmological constant. In order to obtain the cosmological parameters, we need to explicitly
define the function F (φ). The popular exponential form is chosen with the motivation to
produce phantom crossing behavior in formalism.
9We obtained different conditions in order to have a correspondence between entropy–
corrected holographic and non-minimal kinetic coupling dark energy model. Also we re-
constructed potential in terms of field φ for two cases n > 0 and n < 0. Finally we obtained
the EoS parameter for the holographic energy density in the model with the condition for
phantom crossing scenario given by (34)-(37).
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